Background. Pre-dialysis fluid overload (FO) associates with mortality and causes elevated pre-dialysis systolic blood pressure (pre-SBP). However, low pre-SBP is associated with increased mortality in haemodialysis patients. The objective of this study was to investigate the interaction between pre-dialysis fluid status (FS) and pre-SBP in association with mortality. Methods. We included all patients from the international Monitoring Dialysis Outcome Initiative (MONDO) database with a pre-dialysis multifrequency bioimpedance spectroscopy measurement in the year 2011. We used all parameters available during a 90-day baseline period. All-cause mortality was recorded during 1-year follow-up. Associations with outcome were assessed with Cox models and a smoothing spline Cox analysis. Results. We included 8883 patients. In patients with predialysis FO (>þ1.1 to þ2.5 L), pre-SBP <110 mmHg was associated with an increased risk of death {hazard ratio (HR) 1.52 [95% confidence interval (CI) 1.06-2.17]}. An increased risk of death was also associated with pre-dialysis fluid depletion (FD; <À1.1 L) combined with a pre-SBP <140 mmHg. In normovolemic (NV) patients, low pre-SBP <110 mmHg was associated with better survival ]. Also, post-dialysis FD associated with a survival benefit. Results were similar when inflammation was present. Only high ultrafiltration rate could not explain the higher mortality rates observed. Conclusion. The relation between pre-SBP and outcome is dependent on pre-dialysis FS. Low pre-SBP appears to be
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I N T R O D U C T I O N
In chronic haemodialysis (HD) patients, a consistent association between extracellular fluid overload (FO), assessed by multifrequency bioimpedance (MF-BIS), and an increased risk of mortality has been observed [1] [2] [3] [4] [5] [6] . This relation is even apparent at mild levels of FO [7] . Recently, we showed that predialysis fluid depletion (FD) was also associated with an increased mortality [8] . In addition, a recent study showed that cumulative FO over a 1-year period was strongly related to outcome [6] . FO has been associated with an increase in systolic blood pressure (SBP) [9] [10] [11] , whereas correction of FO usually leads to improvement of hypertension [5, 12] . However, with FO assessed by MF-BIS, not all hypertensive patients were found to be fluid overloaded, nor did all patients with FO have an elevated SBP [1, 3, 6, 13] .
Several observational studies have observed an increased mortality risk with high (SBP >140-180 mmHg), but especially with low (SBP <110-130 mmHg) pre-and post-dialysis SBP levels [11, 14] . This is in contrast to observations in the general population, where recent results of the Systolic Blood Pressure 
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Intervention Trail (SPRINT) trail showed that an SBP target <120 mmHg is beneficial in patients with increased cardiovascular risk but without diabetes and end-stage kidney disease [15] .
The relation between low SBP and increased mortality risk in dialysis patients has been coined as an epidemiological paradox [16, 17] . However, given its strong relation with both outcome as well as SBP levels per se, we hypothesized that fluid status (FS) is an important modifier of the association between mortality and pre-dialysis SBP (pre-SBP) in HD patients (Figure 1 ). For instance, the fact that low or normal pre-SBP may be physiological when associated with normovolemia (NV), but pathological when associated with FO, as the normal cardiovascular response to FO (i.e. an increase in cardiac output and/or an increase in systemic vascular resistance) may be impaired. A recent study indeed showed that the highest risk of mortality was observed in patients with FO with low (<130 mmHg) pre-SBP [6] . Other potentially relevant factors in this context include systemic inflammation, which was shown to be a strong amplifier of the FO-mortality relationship, as well as ultrafiltration rate, which bears a strong relation with both outcome as well as pre-dialysis FO [18] .
The primary objective of this study was to investigate whether the relation between pre-SBP and mortality differs in HD patients with pre-dialysis FD, FO or NV, assessed by predialysis MF-BIS, with traditional and novel statistical methods. Next to this, we aimed to investigate if this association remains stable when inflammation is present and when accounting for higher Ultrafiltration rate (UFR). Additionally, the relation between post-dialysis SBP and FS with outcome was assessed.
M A T E R I A L S A N D M E T H O D S
Patient cohort selection and stratification
For this observational cohort study, we used a European subset of the MONDO initiative database [19] . In these European clinics MF-BIS measurements were introduced earlier and were already part of daily routine since 2006; therefore, we chose to use the observations in this study cohort. We included all patients with at least one MF-BIS measurement and at least one C-reactive protein (CRP) measurement in 2011, as we wanted to treat the presence of inflammation as a confounder and CRP measurements were not routinely performed in all participating centres. The baseline period was defined as the 90 days prior to the date of the last MF-BIS measurement of 2011. All recorded laboratory and clinical parameters, derived from digital patients' records were used to calculate average values for the baseline period. The baseline period was followed by a 1-year follow-up period during which all-cause mortality was recorded.
Patients gave informed consent for the use of their data in anonymized form in epidemiological studies. The New England Institutional Review Board (IRB) has reviewed the claim of exemption for the study and has determined that this research activity is exempt from IRB review (see Supplementary Material for complete statement).
Definitions and stratifications of FS and blood pressure
Blood pressure was measured prior to the start of dialysis in the clinic in seated position using an oscillometric method. For the analyses, we stratified patients based on pre-SBP into three groups as reported in earlier studies: low pre-SBP <110 mmHg [16, 17, 20] , normotensive (NT) pre-SBP 110-140 mmHg and high pre-SBP >140 mmHg [1, 9] .
Body composition was assessed by whole-body MF-BIS measurements [Body Composition Monitor (BCM) V R ; Fresenius Medical Care, Bad Homburg, Germany], which expresses extracellular FO as a separate compartment called overhydration (OH) [4] . Post-dialysis FS was calculated from pre-dialysis FS minus ultrafiltration volume. According to their FS pre-dialysis, patients were stratified in the following groups: NV, with an OH compartment between À1.1 L and þ1.1 L; FD OH <À1.1 L; and two levels of extracellular FO, FO (OH >þ1.1 L to þ2.5 L) and FO (OH >þ2.5 L). NV limits were based on the clinical normogram, validated relative to an ageand gender-matched healthy patient population, used by the BCM device [3] . We used the lean tissue index (LTI) and fat tissue index (FTI) percentiles (<10th percentile; 10-90th percentile; >90th percentile) relative to an age-and gender-matched healthy population reported by the BCM device as markers for nutritional status [21] .
Stratification of confounders
To correct for geographic differences we stratified the patients into four European regions (north, east, south and west) based on the United Nations geographic scheme [22] . Inflammation was defined as a CRP level >6.0 mg/L. UFR was stratified based on the existing literature in <10, 10-13 and >13 mL/kg body weight/h [18, 23] .
Statistical analysis
Cox proportional hazard models with different levels of adjustment were used to assess the association between SBP and FS combined with outcome. In Model-I adjustment was made for: gender, age, vintage, geographic region, access type (catheter versus fistula) and the presence of the comorbidities diabetes mellitus, congestive heart failure, cerebrovascular disease, peripheral arterial disease and cancer. In the more advanced model, Model-II, we adjusted for: Model-I þ LTI (<10th percentile versus >10th percentile), CRP (log transformed), albumin (g/dL), body mass index (kg/m 2 ), interdialytic weight gain (kg), treatment time (<4 h, !4 h), dialysate sodium (mEq/L), serum sodium (mEq/L) and UFR (mL/kg/h). Second, we assessed SBP and FS as continuous variables in a smoothing spline analysis of variance (ANOVA) Cox proportional hazard model. Smoothing spline ANOVA analysis allows modelling the joint effects of SBP and FS by treating them as continuous variables, thereby avoiding the need to create somewhat arbitrary categories. The results of this analysis are shown in an elevation plot, which can be read like a geographic topographic map [21] .
We report point estimates and 95% confidence intervals (CIs) of hazard ratios (HRs). Censoring events were transfer to other clinics, transplantation, dialysis modality change or end of the study on 31 December 2012. A P-value of <0.05 was considered statistically significant. The analyses were performed with SAS version 9.3 (Cary, NC, USA) and SPSS statistics version 23.0 (IBM Corp., Armonk, NY, USA).
R E S U L T S
Study population
In total, 8883 patients from the European MONDO Initiative Database ( Figure 2 ) were included. The majority was male (57.2%), the median dialysis vintage was 3.6 (1.6-6.9) years and 18.6% of them were diagnosed with diabetes mellitus (Table 1, Supplementary data, Table S1 for all subgroup details).
Pre-dialysis FS and blood pressure
When pre-dialysis FS was analysed according to patients' pre-SBP, no clear association between these two parameters was observed (Figure 3 ). In NT patients both pre-dialysis FO (> þ 1.1 L to þ2.5 L) [HR 1.57 (95% CI 1.21-2.04)] and FD (<-1.1 L) [HR 1.95 (95% CI 1.08-3.51)] were associated with increased mortality risk (Figure 3) , when compared with patients with NV and NT. In NV patients a low pre-SBP (<110 mmHg) was associated with a reduced mortality risk [HR 0.52 (95% CI 0.27-1.00)] in the extensively adjusted model (Figure 3 , Supplementary data, Table S2 ).
Post-dialysis FS and blood pressure
In patients stratified based on post-dialysis FS and SBP, a survival benefit was observed for patients with post-dialysis FD (<À1. Table S3 ). Patients within this subgroup most frequently had NV pre-dialysis (n ¼ 1842, 69.0%) or moderate FO (n ¼ 556, 20.8%). Furthermore, the same trend, an increased risk of death with increasing FO and decreasing SBP, as was also observed in the pre-dialysis analysis (Figure 4 ).
Pre-dialysis FS subgroup analyses
To further assess the effects of both pre-dialysis FS and pre-SBP separately, a subset analysis was performed with stratification on the basis of pre-dialysis FS with NT patients as reference group within the different subgroups ( Figure 5 , Supplementary data, Table S4 ). In the subgroup of FO patients, an increased mortality risk was observed in patients with a low pre-SBP [FO (>þ1.1 to þ2.5 L): HR 1.65 (95% CI 1.18-2.30) and FO (>þ2.5 L): HR 1.50 (95% CI 1.04-2.14) in the basic model]. However, after adjustment for additional nutritional and inflammatory parameters (extended model) the associations lost statistical significance. In the subgroup of NV patients, we confirmed the association between low pre-SBP and a survival benefit [HR 0.46 (95% CI 0.23-0.91), in the extended model]. In the small subgroup of FD patients, no statistically significant effects of SBP were noted, but a tendency toward a lower mortality in the high SBP (>140 mmHg) was observed.
Subset and sensitivity analyses FO and blood pressure pre-dialysis as continuous variables. When both parameters were assessed as continuous variables to avoid loss of information due to categorization in different subgroups, by a smoothing spline analysis, a comparable trend was observed ( Figure 6 ). In patients with FO the increased mortality risk with lower SBP was also observed, however, the aforementioned minimal survival advantage of higher SBP in both FD and FO patients disappeared ( Figure 6 ). 
Effects of inflammation
Due to the strong association between FS and inflammation on one hand and both of these parameters separately and combined with outcome, the association between pre-dialysis FS and SBP combined with outcome was analysed in patients stratified by inflammation status separately (Supplementary data, Figures S1A and S1B, Table S5 ). The effects of altered FS and SBP appeared to be more pronounced in inflamed patients. In the inflamed cohort, NV patients showed improved survival with low SBP [HR 0.37 (95% CI 0.15-0.93)], whereas in patients with altered pre-dialysis FS the presence of low pre-SBP (<110 mmHg) was associated with increased mortality risks: FD HR 3.15 (95% CI 1.26-7.91), moderate FO HR 2.26 (95% CI 1.44-3.56) and severe FO HR 3.28 (95% CI 2.05-5.24).
Effects of ultrafiltration rate
No clear association was found between pre-dialysis FS and UFR (Supplementary data, Figure S2 ). Of the patients with moderate or severe FO, only 3.4% of them had a UFR >13 mL/kg/h. When the association of UFR with outcome was analysed within the different FS subgroups, no significant associations with mortality were found (Supplementary data, Figure  S2 , Table S6 ).
D I S C U S S I O N
In this study in prevalent HD patients we showed that the relation between pre-SBP and outcome is, at least partly, modified by pre-dialysis FS. In patients with FO, low SBP was associated with an increased mortality risk, compared with both NT patients with FO and NT patients with NV. In contrast, low SBP was associated with a survival benefit in patients with NV. Patients with post-dialysis FD and a post-dialysis SBP <140 mmHg also had an improved outcome. All effects were more pronounced when inflammation was present. The higher mortality rates in patients with FO could not be exclusively explained by higher UFR.
Pre-dialysis FS and low pre-dialysis blood pressure (<110 mmHg)
In patients with pre-dialysis FO, across all levels of pre-SBP, an increased risk of mortality was observed. The persisted association of FO with mortality is in line with several previous studies [4, 24] . The association of low pre-SBP (<110 mmHg) with adverse outcome in HD patients, without taking predialysis FS into account, has been shown in several studies [9, 14, 16, 24] . It is often assumed that low pre-SBP reflects cardiac failure [10] , and is, therefore, associated with a greatly increased mortality risk. On the contrary, previous studies rejected the hypothesis that the low SBP in HD patients identifies patients with cardiac failure, as they found preserved ejection fractions of the patients in the low SBP group in their study [25] .
In the most recent study on this subject in an even larger patients cohort (39 566 incident patients using the Fresenius Medical Care dialysis network), Zoccali et al. also showed that cumulative FO, in combination with low pre-SBP (<130 mmHg) was associated with the highest risk of mortality [6] . In their study, FO was defined as an OH/extracellular water ratio of >15% in men or >13% in woman, approximating an absolute value of 2.5 L. Although SBP was taken into account in the analysis, the main topic of the study of Zoccali et al. was primarily addressing the effects of FO in a time-dependent fashion [6] .
Our study focussed, in prevalent patients, on the interaction between SBP and abnormalities of FS including both different levels of FO as well as FD, taking potentially relevant confounders such as inflammation and UFR into account in separate analyses. Therefore, although the topic of both studies is related, they address the problem from quite different perspectives.
A study by Chazot et al. is the only one where the combined effects of SBP and FS on mortality were analysed. The authors found that FO was a statistically stronger risk factor for mortality than high SBP [1] . Patients in this study were stratified in subgroups above and below 2.5 L FO with no further distinction in patients with NV or FD. Hypertension was defined as a pre-SBP >140 mmHg. The reference group of this study consisted of selected patients of the Tassin centre. In this centre, where survival rates are high due to excellent control of FS and sodium restriction, many insights into physiological patterns have been generated. However, in this particular study patients with a history of hypertension and antihypertensive medication were excluded.
Our study adds several novel findings. We found an increased mortality risk in patients with moderate FO (>þ1.1 to 2.5 L) even with normal (110-140 mmHg) and low (<110 mmHg) SBP, compared with the reference group of NT Table S1 for subgroup characteristics). 
Blood pressure, fluid status and mortality and NV patients. This appears to be a relevant addition to the literature, as the group of patients with pre-dialysis FO between þ1.1 L and þ2.5 L represents a large segment (38.8% in this study cohort), not always easily identified because of the absence of high SBP (58.4% of the NV cohort in this study) [26] . In contrast to the study of Chazot et al., in our study no a priori selection criteria were applied. The results of our study might, therefore, be influenced by the concomitant use of antihypertensive medication, which reflects general practice, but may interfere with the interpretation of physiological mechanisms.
Within the subgroup of patients with FO >þ2.5 L, the effects of low pre-SBP (<110 mmHg) were no longer statistically significant after extensive adjustment for nutritional, dialysis treatment-related and inflammatory markers. Besides the fact that FO has a strong association with increased mortality [3, 4, 8, 27] , it 2 ), interdialytic weight gain (kg), treatment time (categorized >240 and <240 min), dialysate sodium (mEq/L), serum sodium (mEq/L), ultrafiltration rate (mL/kg/h) and the comorbidities congestive heart failure, diabetes mellitus, cardiovascular disease, peripheral vascular disease and cancer. The reference group consists of patients with a pre-dialysis SBP between 110 and 140 mmHg and NV (between À1.1 L and þ1.1 L) FS pre-dialysis (n ¼ 1362). Patients were stratified into different groups (horizontal and vertical lines) based on pre-dialysis SBP (<110 mmHg, 110-140 mmHg, >140 mmHg) and pre-dialysis FS by Table S1 for subgroup characteristics). also has strong correlations with markers of malnutrition [28] and inflammation [29] , and has been associated with increased atherosclerosis and cardiac remodelling, eventually leading to cardiac failure [10] . Based on the present results, the relation between FO, SBP and outcome is likely complex, and also partly dependent on additional comorbid factors. However, as also shown in the study of Zoccali et al., FO per se appears to be a strong independent marker of outcome over the whole range of SBP levels [6] .
In direct contrast to the patients with FO, a survival benefit in NV patients with a low pre-SBP (<110 mmHg) was observed. This is in some agreement with the recent findings of the SPRINT study, where in non-dialysis patients aiming for an SBP target <120 mmHg was associated with improved survival [15] . As such, in NV patients the U-shaped association between pre-SBP and outcome does not seem to exist. It is likely that patients with pre-dialysis NV represent a subgroup of patients in relative good health and relative good cardiovascular status. A prospective single-centre study, where fluid removal was recorded by MF-BIS measurements, found pre-SBP to decrease after improvement of FS after initiation of dialysis, which was also associated with an improved survival [30] .
Pre-dialysis FS and high pre-SBP (>140 mmHg)
Interestingly, we did not find an association between elevated SBP and increased 1-year mortality in the NV subgroup. Elevated pre-SBP in the NV cohort may be dependent on other factors, such as activation of the renin-angiotensin or sympathetic nervous system hyperreactivity, endothelins and prostaglandins [26] . This type of (dialysis resistant and volume independent) hypertension is often difficult to treat and most of the time is already apparent years before initiation of dialysis. Due to the relative short follow-up time of this study we cannot exclude an effect of SBP on survival by longer follow-up.
In the subgroup of FO patients we were not able to conclusively demonstrate the survival benefit of high pre-SBP, as was found in several previous studies not taking pre-dialysis FS into account [14, 31] , but a tendency toward this direction was observed. In a recent study by Bansal et al., where data of 1705 patients of the Chronic Renal Insufficiency Cohort Study (CRIC) study were used, a discrepancy was found between outpatients and in-centre SBP measurements, where a U-shaped relationship of SBP and mortality was found by in-centre predialysis measurements associating higher SBP with a survival benefit [25] . Based on these results the authors suggested that the ability to achieve a high pre-SBP in response to interdialytic weight gain is a relative sign of health.
In patients with pre-dialysis FD, in which we previously showed an increased mortality, this risk was predominantly observed in patients with low or normal pre-SBP (<140 mmHg), but not in the subgroup of patients with high pre-SBP, compared with the NV and NT reference population. However, in the subgroup analysis of the FD patients, the effects of the different SBP groups were not significant, possibly due to the relatively small number of patients. We hypothesize that in patients with pre-dialysis FD and lower SBP levels, the change of creating perfusion-dependent injury to a wide range of vulnerable vascular beds, as described by McIntyre [32] , is more likely to occur due to the already present insufficient FS. Interestingly however, post-dialysis FD was not associated with an increased mortality risk, which is likely due to the fact that the majority of patients had NV and FS pre-dialysis.
The impact of inflammation and UFR
When patients were stratified based on the presence or absence of inflammation, the effects of altered FS were more pronounced in inflamed patients, but the general trend was not altered, likely due to the addition of an independent risk factor. Also, increased UFRs could not fully account for the increased mortality rates in the fluid overloaded patients, as a subanalysis within these FS groups showed hardly any effect of UFR.
Limitations
Despite the large and diverse HD cohort with patients from several European countries, our study has some limitations. First, we have no documentation of antihypertensive medications. Second, based on earlier studies in-centre pre-SBP measurements are possibly not an ideal reflection of SBP in HD patients [25, 33] ; unfortunately neither interdialytic nor home BP measurements were available in our database, as we have no detailed documentation on the exact measurement procedures.
In this retrospective cohort study, there are various unmeasured confounders not accounted for, the most important being residual kidney function which could have led to a more neutral FS in the NV patients subgroup and also partly explain the better survival observed. However, the median dialysis vintage of 3.6 years, with an equal distribution between the different FS subgroups, makes it unlikely that a substantial fraction of patients had residual renal function [34] . In an extensive record study performed by Robinson et al., a persistent relationship between SBP and outcome was found even after extensive correction for unmeasured confounders based on dialysis facility level [9] . In addition, we were able to correct extensively for nutritional and inflammatory parameters. But due to the observational design of this study, we were not able to completely eliminate residual confounding. Most importantly, echocardiographic results are not available and cardiac failure is likely underreported in our database.
C O N C L U S I O N
This study shows that the relation between pre-SBP and outcome is at least partly dependent on pre-dialysis FS. Low SBP appears to be disadvantageous in FO and FD patients, but not in NV patients, where low SBP is actually associated with a survival benefit. Post-dialysis FD (<À1.1 L) and an SBP <140 mmHg was associated with a survival benefit. The effects of FS and pre-SBP are more pronounced in patients with inflammation. The higher mortality in patients with FO cannot be exclusively attributed to higher UFRs. Therefore, we suggest that BP levels should be interpreted in the context of FS and not as an isolated risk marker. Further, interventional studies should assess whether correction of pre-dialysis FO, as well as normalization of pre-dialysis FD in patients with low SBP is safe and associated with a survival benefit. Until such data are available, we suggest using this study mainly to gain insight in pathophysiological mechanisms contributing to the understanding of the often complex relationships between risk factors in HD patients.
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